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INTRODUCTION
Hypocalcemia is the most common etiology for prolonged hospitalization in patients undergoing total thyroidectomy. 1, 2 Traditional methods for detecting hypocalcemia in the postoperative period include frequent monitoring of total and ionized calcium (i-Ca) levels as well as close clinical monitoring for symptoms of hypocalcemia. These traditional methods can take 24 hours or longer to reveal hypocalcemia, which can prolong hospitalization. 1, 2 After total thyroidectomy, hypocalcemia may develop in cases of unexpected injury to the parathyroid glands or to the blood vessels that supply these glands. 3 Despite various efforts to safely preserve the parathyroid glands, the reported incidence lary carcinoma were enrolled in this study.
The inclusion criteria were patients older than 20 years of age diagnosed with papillary thyroid carcinoma by a preoperative fine needle aspiration test and postoperative pathological tests, who agreed to enroll in the study and provided written informed consent.
The exclusion criteria included the presence of any of the following: history of head and neck malignancy, history of radiation therapy in the head and neck area, history of hyperventilation symptoms, medications affecting thyroid function, Graves' disease, hyperthyroidism, hypothyroidism, parathyroid diseases, thyroiditis, and other medical problems detected by presurgical tests. Of the initial 165 patients, 57 did not meet the eligibility criteria and were excluded from the study. The final number of patients included in the analysis was 108 patients who had undergone a total thyroidectomy by a single surgeon (Fig. 1) .
The 108 patients were divided into two groups: those who developed symptoms of hypocalcemia (symptom development group) and those who did not (non-symptom development group). The age and gender of the patients and the inclusion of anterior neck dissection were compared between the two groups.
We measured the levels of factors associated with calcium metabolism (i-PTH, P, Mg, albumin, Ca, and Ca
2+
) before surgery and at 0 hour, 6 hours, 12 hours, 24 hours, 48 hours, and 72 hours after surgery. The development of postsurgical symptoms of hypocalcemia was defined by the presence of numbness in hands and feet, muscle stiffness, Chvostek's sign, or Trousseau's sign.
Blood collection time prior to surgery was defined as before surgery but after anesthesia; 0 hour after surgery as the time of completion of skin suturing; and 6 hours, 12 hours, 24 hours, 48 hours, and 72 hours after surgery as the time that had elapsed since surgery. The i-PTH was analyzed with an electrochemiluminescence immunoassay (ECLIA-PTH, Modular Analytics E170, Roche Diagnostics, Mannheim, Germany).
For statistical analysis, SPSS version 15.0 (SPSS Inc., Chicago, IL, USA) was used. To assess the differences between the symptom development and the non-symptom development groups, we performed the Mann-Whitney test and Fisher's exact test. To examine their correlation with the development of symptoms, we performed a stepwise method of logistic regression analysis on all factors. To assess the standard value of useful predictive factors, we used receiver operating characteristic (ROC) curves. In all statistical methof hypocalcemia following surgery varies widely (5.4-50%). [1] [2] [3] A need has, therefore, arisen to determine the predictive factors of hypocalcemia to prevent its occurrence, diagnose it as early as possible, and continuously monitor its development.
Many recent studies on the early predictive factors of hypocalcemia after total thyroidectomy reported that intact parathyroid hormone (i-PTH) levels predict hypocalcemia earlier than other factors, [4] [5] [6] [7] [8] [9] thus, facilitating earlier discharge (≤24 hours) and improving outcomes after total thyroidectomy. Nevertheless, the most useful test time and test standards for i-PTH remain controversial.
In the current study, we examined serial i-PTH levels and other factors associated with calcium metabolism in patients who underwent total thyroidectomy, from the time immediately after surgery, in order to determine the predictive factors for symptoms of hypocalcemia, as well as the most useful test time and test standards. mean value of i-PTH in the symptom development group decreased rapidly from pre OP to 6 hours after surgery, and then slightly increased from 12 hours after surgery (Fig. 2 ).
MATERIALS AND METHODS

Statistical analysis of the symptom development group and the non-symptom development group
The test results over time were classified into the hypocalcemic symptom development group and the non-symptom development group, and the relationship of each blood test result to the development of hypocalcemic symptoms was examined.
The relationship between symptoms and calcium levels was statistically significant only 48 and 72 hours after surgery, ionized calcium was significant only 48 hours, magnesium significant only 48 and 72 hours, and phosphate significant only 72 hours after surgery. The relations between i-PTH and symptoms were statistically significant from 0 hour to 72 hours after surgery ( Table 2) .
Comparison of odds ratios over time
To examine the correlation of each factor with the development of symptoms, we performed a stepwise logistic regression analysis. At 6 hours after surgery, the relationships between the levels of magnesium and i-PTH and symptom ods, p<0.05 was considered to be statistically significant.
RESULTS
Of a total of 165 patients, 108 patients fulfilled the study inclusion criteria. Fifty patients developed symptoms of postsurgical hypocalcemia (symptom development group), and 58 patients did not (non-symptom development group). Average age, and the ratio of male to female patients were not statistically different between the two groups. However, the surgical methods used were statistically different between the two groups ( Table 1) .
Serial changes in serum tests over time
Serum levels of i-PTH, P, Mg, albumin, Ca, and Ca 2+ measured pre-operation (pre OP), as well as at 0 hour, 6 hours, 12 hours, 24 hours, 48 hours and 72 hours after surgery were divided according to whether they fell into the hypocalcemic symptom development group or the non-symptom development group, and the mean values and standard deviations were examined (Fig. 2) . Unlike the results of the other tests, i-PTH showed a change in mean values with time, particularly in the symptom development group. The No hypocalcemia symptom patients Hypocalcemia symptom patients than 4.2 mg/dL, the sensitivity in predicting hypocalcemic symptoms was 31%, the specificity was 100%, and the positive predictive value (PPV) was 100%. When i-PTH was lower than 7.1 mg/dL, the sensitivity was 79%, the specificity was 78%, and the PPV was 88%. When measured i-PTH was lower than 10.6 mg/dL, the sensitivity was 89%, the specificity was 88%, and the PPV was 85%. Finally, when the concentration of i-PTH was lower than 13.6 mg/dL, the sensitivity was 95%, the specificity was 75%, and the PPV was 81% (Table 4) . Therefore, considering the sensitivity, specificity, and positive predictive value, an i-PTH concentration of 10.6 mg/dL was found to be the most useful predictor of symptoms (Fig. 3) .
DISCUSSION
After thyroid surgery, hypocalcemia is induced by direct injury of the parathyroid glands, adjacent blood vessels, or other adjacent structures, 1-13 and a broad range in the incidence of such cases of hypocalcemia has been reported (5.4-50%). [1] [2] [3] Hypocalcemia not only inconveniences the patient, but may also lead to fatalities. [1] [2] [3] development were statistically significant, as were the relationships of albumin and i-PTH at 12 hours after surgery, magnesium and i-PTH at 24 hours after surgery, and phosphate and parathyroid hormone at 72 hours after surgery (Table 3) .
However, the levels of various factors did not show continuous significance in predicting symptoms of hypocalcemia except the levels of i-PTH measured after surgery. With an exception of measurements prior to surgery and at 0 hour after surgery, i-PTH levels predicted hypocalcemia with statistical significance at all times. Parathyroid hormone was found to be the only factor that could predict hypothyroid symptoms after surgery. The level of i-PTH 6 hours after surgery was 1.572 (95% confidence interval 1.128-2.191), thus confirming that i-PTH level 6 hours after surgery is valuable as a predictive factor in the development of clinical hypocalcemic symptoms.
Cutoff value of i-PTH
To assess the standard value of i-PTH, we divided the measurements into four groups by using ROC curves, and compared their sensitivity and specificity in predicting symptoms of hypocalcemia. When the level of i-PTH was lower the relationship between symptoms of hypocalcemia and i-PTH concentrations measured at all time points was statistically significant (Table 2 ). However, in examining the relationship between the test results and hypocalcemic symptoms by logistic regression analysis, which considers all factors as continuous variables, we found that the relationship between hypocalcemic symptoms and parathyroid hormone was not statistically significant at 0 hour after surgery, however, it was statistically significant at 6 hours, 12 hours, and 72 hours after surgery. When odds ratio values were assessed using a stepwise method, i-PTH level at 6 hours after surgery showed the highest correlation with the development of symptoms of hypocalcemia (Table 3) .
In the present study, we confirmed the i-PTH level as a predictor of hypocalcemia in thyroidectomy patients. The results of logistic regression analysis also showed that the levels of magnesium at 6 hours, albumin at 12 hours, magnesium at 24 hours, and phosphate at 72 hours after surgery were statistically significant predictors of the development of hypocalcemic symptoms. These results were not temporally continuous, however, and are thus considered not significant (Table 3) .
Numerous studies have been conducted on the factors involved in the early prediction of hypocalcemia following thyroidectomy, most of which measured postsurgical i-PTH and calcium levels. [5] [6] [7] [8] [9] [10] While calcium levels have been shown to have limited applicability as predictive factors, i-PTH levels have been reported to be useful in the prediction of postoperative hypocalcemia. Nonetheless, times at which concentrations were measured and reported values differ among investigators, therefore, the application of a test of i-PTH levels in predicting the development of clinical symptoms has remained controversial.
To determine the factors that may be useful in predicting the development of hypocalcemia, we measured the serum levels of i-PTH, P, Mg, albumin, Ca, and Ca 2+ at 0, 6, 12, and 24 hours after thyroid surgery, as well as once daily for several days (48 hours and 72 hours following surgery), and comprehensively analyzed the changes in each test value. The first postsurgical blood collection time after 0 hour was decided to be 6 hours after thyroidectomy, because the process of patient waking from anesthesia, being transferred to a ward, and resting requires 6 hours. Furthermore, a certain amount of time is necessary for several components within the body fluid to stabilize. In fact, in the hypocalcemic symptom development group, the parathyroid hormone level at 6 hours after surgery showed the lowest mean value in comparison with the mean values measured at all other times (Fig. 2) . The half-life of i-PTH in vivo is 3 to 4 minutes, therefore, at the time of blood collection, the condition of the parathyroid glands should be immediately reflected in the level of i-PTH; nonetheless, the test performed immediately after surgery showed higher values than the test performed 6 hours postoperatively. We speculate that the parathyroid function did not stabilize for a certain period after surgery, and that the inefficient blood circulation that developed during surgery continued to deteriorate up until a certain point, but improved thereafter.
14 By applying the Mann-Whitney test, which considers the test results of the defined times as a single variable, we examined the association of each blood test result with the development of hypocalcemic symptoms, and observed that An i-PTH is metabolized in the liver and kidney, and has a half-life as short as 3 minutes, therefore, it can be measured very shortly after total thyroidectomy; hence, it can accurately determine parathyroid function. On the other hand, other factors (P, Mg, albumin, Ca, and Ca 2+ ) affect the deterioration of parathyroid function after surgery, and thus the changes appear to be delayed or homeostasis is maintained; hence, changes in function are not always shown early on. 8 To determine the standard for early diagnosis of the development of hypocalcemic symptoms, we determined the cutoff values for parathyroid hormone values (6 hours after surgery) by using ROC analysis. When the parathyroid hormone level was lower than 10.6 mg/dL, the sensitivity for the development of hypocalcemic symptoms was 89%, the specificity was 88%, and the positive predictive value was 85%, and high values occurred; thus, this level maximizes both sensitivity and specificity at the same time point (Fig. 3) .
If the development of hypocalcemic symptoms can be predicted by prognostic factors, these symptoms could be prevented by advance administration of calcium agents. Patients whose level of risk for the development of hypocalcemic symptoms is low could be discharged early, thereby reducing the inconvenience of hospitalization and its associated costs. 5, 9, [15] [16] [17] If it is thought that the development of hypocalcemia symptoms is a possibility in patients who are discharged early, these symptoms might easily be resolved by prescribing emergency calcium agents at the time of discharge, thoroughly explaining the symptoms associated with hypocalcemia, and advising patients to take prescribed calcium agents and return to the hospital when unexpected symptoms occur.
This study is not without limitation. More accurate measurement timings could have been found if i-PTH had been measured every hour. In reality, however, it is hard to obtain a sample from a patient every hour. Another shortcoming of this study is that it would have been better if hypocalcemia patients had been divided into those with symptomatic hypocalcemia and biochemical hypocalcemia.
In conclusion, on the basis of statistically significant results obtained in this study, we confirmed that the earliest possible predictor of the development of symptoms of hypocalcemia was a serum i-PTH concentration of less than 10.6 mg/dL 6 hours after surgery. We propose that these patients need further inpatient monitoring for safe discharge. Furthermore, patients with less than 10.6 mg/dL decrease of PTH at 6-hour time point are unlikely to develop hypocalcemia and may be considered safe for discharge.
